Abstract Knowledge is perceived as very important asset for organizations and knowledge management is critical for organization competitiveness. Because the nature of knowledge is always represented as complex and varied, it is dif cult to extend effectiveness of knowledge re-use in organizations. In this article, an approach based on the Zachman's Framework to externalize organizational knowledge into semi-structured knowledge is developed, and eXtensible Markup Language (XML) is applied to transform the knowledge into documents. In addition, latent semantic indexing (LSI), which is capable of solving problems of synonyms and antonyms, as well as improving accuracy of document searches
make it brittle. Consequently, it can only be applied in very limited application (Miller et al., 1992) .
There are numerous studies on knowledge management. Mo and Menzel (1998) created a model to capture knowledge from company domain experts and from eld information available from experienced users. O'Leary (1998) developed a system which is able to capture companywide knowledge. Liebowitz (1997) proposed a study of knowledge assets and the scheduling of their use within organizations. Overview and developments in knowledge management are provided in Satyadas et al. (2001) , Alavi (2001) , Fischer and Ostwald (2001) , Chauvel and Despres (2002) . Although many scholars studying KM focus on the structured knowledge in the de ned formats like rules or procedures, only a few attempt to emphasize semi-structured or unstructured knowledge. This article aims to focus on:
f A de nition of semi-structured knowledge: as mentioned above, knowledge is changing constantly, and the general observation is that knowledge cannot be controlled or managed in a rational, top-down fashion, frequently existing in an unstructured format (Klint and Verhoef, 2002) . Furthermore, people play different roles in an organization, so the requirements of knowledge and its application are diverse. These requirements are expressed with a series of dimensions or abstractions in the Zachman Framework (Inmon and Zachman, 1997) . This format of 5W1H (what, where, who, when, why, and how) represents a suitable solution approach to externalize knowledge in organizations because it can capture the nature of each dimension (perspective) and integrate the target knowledge. Applying the Zachman Framework, knowledge in organizations can be transformed systematically as semi-structured knowledge documents.
f Transformation of semi-structured knowledge: it is assumed that whenever organizations experience internal or external changes, complex and large amounts of data, information, and knowledge are generated. Furthermore, most of the generated knowledge is probably illustrated in unstructured or semi-structured manners. Hence, the management of unstructured or semi-structured knowledge is an important issue. Due to lack of wellstructured storage approaches for KM in literature, the integration of knowledge activities has been impossible (Nonaka and Takeuchi, 1995) . In addition, it is known that the storage structure signi cantly impacts the effectiveness and ef ciency of operating KM activities. Therefore, this article attempts to apply eXtensible Markup Language (XML) to effectively transform organizations experience into documents of semi-structured knowledge and manage them.
f Search of semi-structured knowledge: how to use organizational knowledge effectively and agilely is crucial since: if desired organizational knowledge can not be accessed in time, the knowledge is in vain and no more active . However, the form of semi-structured knowledge usually causes dif culty for search and use of that knowledge because it does not have systematic format, which is one of the major problems in the re-use of semi-structured knowledge. Information retrieval is technologies used to extract interrelated information from semi-structured or unstructured documents, and then to present the documents in structured ways (Van Rijsbergen, 1979) . However, this approach is limited to operate with synonyms, polymorphism, or dictionaries, and low accuracy of searching results is observed in information retrieval. To resolve this, latent semantic indexing (LSI) is a technique to search relevant semi-structured knowledge documents, which provides faster and more correct retrieval performance.
has strong experiential and re ective elements. Moreover, this knowledge is information that is contextual, relevant, and actionable . Having the knowledge implies that it can be used to solve a problem, whereas having information does not carry the same connotation. Hence, the ability to act is an integral part of being knowledgeable ).
f Structural uncertainty: the knowledge in organizations is hard to manage and store, because of its structural uncertainty. To resolve this, the Zachman Framework can be used to describe knowledge architecture and to capture organizational knowledge derived from knowledge management activities, and this knowledge has signi cant impacts on the organization. Although there may be many types of knowledge, as far as organizations are concerned, knowledge is a fundamental factor behind all of the organization activities (Liebowitz, 1997; Wiig, 1999) . Structured knowledge may be represented through the format of rules, models, procedures, etc. In contrast, semi-structured knowledge uses six dimensions (5W and 1H) of the Zachman Framework to capture knowledge in organizations.
In organizations, semi-structured knowledge is more signi cant than structured knowledge because more non-structured information can easily be found.
f Re-use: building complex knowledge-based applications requires the incorporation of large amounts of domain knowledge (Levy and Rousset, 1998) . In this article, semi-structured knowledge is externalized through XML, whose signi cant attribute is the ability to comprise large amounts of domain knowledge, and know-how (Birbeck, 2000; Fabio, 2001) . Thus, by using XML, the re-usability of SSK is increased and the domain knowledge and know-how can be shared in organizations more effectively.
De nition of SSK
Semi-structured knowledge is here de ned as a collection of knowledge resulting from KM activities in organizations, and which is constructed by the six dimensions of the Zachman Framework; it contains solution approach information, domain knowledge and know-how, and has impact on organizations. Some knowledge in organizations is hard to manage and store, because of its structural uncertainty. The Zachman Framework provides a systematical approach to externalize unstructured knowledge in organizations, although not all contents of knowledge can be represented in this format. That is the reason why the term of ''semi'' is used in this article (see Figure 1) . Abiteboul (1997) de ned semi-structured data as data that was neither raw, nor strictly organized, as in conventional database systems, and described characters of semi-structured data. Similar to semi-structured data, semi-structured knowledge, which includes analogical characteristics, can be described as follows:
Characteristics of SSK
f The structure is irregular: SSK includes several heterogeneous dimensions. Some dimensions may be uncompleted, and some may comprise additional information (e.g. annotations); or different perspectives on the same kind of information may result in using different dimensions. For example, the pricing of merchandise is perceived differently by purchasing and accounting departments: one perceives it as cost, whereas the other sees it as selling price.
f The structure is divisible: SSK documents consist of text and grammar; so the parsing of SSK documents is able to divide crude information into pieces and discover relationships between them. Therefore, the SSK structure is constituted from divided information and its signi cant relationship.
f The structure is a-posteriori: database management system (DBMS) is based on the hypothesis of a xed schema that has to be prede ned before introducing any data. This is not the case for semi-structured knowledge where the notion of schema is often posterior to the existence of data.
Semi-structured knowledge not only includes similar characteristics of the semi-structured data, as shown above; but it also contains the characteristics which are based on organizational activities as driven through problematic events. These are subject oriented, time dependent, and reference oriented (see Figure 2 ).
f Subject oriented: semi-structured knowledge in organizations is constituted from a clear and concrete subject. The subject, for instance, could be the desired event, which needs to analyze the nature of entities, e.g. customers in the organization or business processes. Therefore, the generated knowledge is only substantially meaningful to some speci c problem domains. For example, knowledge generated from classi cation analysis for customers is only bene cial to the marketing department.
f Time dependent: retrieving information in time is required for semi-structured knowledge. If the information cannot be delivered at the appropriate time, that can cause a tremendous impact on the value of the semi-structured knowledge.
f Reference oriented: semi-structured knowledge, which is discovered from organizational knowledge through data analysis techniques and domain experts, not only provides unique conclusions, but it also discovers knowledge and supports conclusions from multiple perspectives. Whenever an organization uses SSK, it eventually should invigorate other types of knowledge.
Numerous classi cation approaches have been used to distinguish different types of knowledge, for example, Polanyi (1962) divided knowledge into tacit or explicit knowledge. Tuthill and Levy (1991) proposed that knowledge could be separated into declarative knowledge, procedural knowledge, heuristic knowledge, commonsense knowledge, and informed commonsense knowledge. Knowledge in organizations may be rules, such as rule (Collins, 1997) ; or commonsense, as commonsense knowledge (Tuthill and Levy, 1991) ; or a written description, as declarative knowledge (Tuthill and Levy, 1991) ; or a process and result by experts inferring, as Inference knowledge (Wielinga et al., 1992) , and so on. In general, different types of generated knowledge are the results of different classi cation approaches. Most of the classi cations of knowledge still remain at the conceptual level, rather than having practical utility.
The semi-structured knowledge presented in this article can exibly externalize most of the knowledge described above and incorporate with their characteristics, but it would not organize the belief and culture existing in organizations. This is because semi-structured knowledge is simply the collected knowledge that is produced through the generation processes (presented in the next section). The SSK does not aim at in uencing the relationships, standards, attitudes, between individuals and organizations (e.g. organizational culture) but it does focus on decision support and problem solving.
Externalization of semi-structured knowledge with the Zachman Framework
Whenever a problematic event occurs, managers in organizations apply solution approaches and desired knowledge to solve the problem. Knowledge is often evolved from past knowledge and experience, and knowledge by nature is continuous and extendable. Knowledge is changed constantly. Furthermore, perception of a single event in organizations varies from different perspectives (e.g. time and place). Therefore, organizational knowledge must be constructed as semi-structured knowledge with additional information from various perspectives (e.g. the 5W1H dimensions in the Zachman Framework).
The Zachman Framework represents the perspectives and dimensions in matrix form, with the perspective representing the rows and the dimensions representing the columns (see Table I ). The columns include:
f Entities (What? Interest or focus areas): considering semi-structured knowledge in organizations, entities are the data, information, events, and knowledge to be manipulated.
f Activities (How? Methods of problem-solving): considering semi-structured knowledge in organizations, activities are the capture, interpretation, measurement, accumulation, deployment, externalization, innovation, and feedback of the entities. f Times (When? Activities occurring): considering semi-structured knowledge in organizations, time is the instance when activities occur.
f Motivations (Why? Reasons for inspiration): Considering semi-structured knowledge in organizations, motivations are the reasons why activities occur.
A simple example of the semi-structured knowledge about ''a good bank account'' is presented in the six dimensions. The perspectives and goals of semi-structured knowledge are classi ed in Table I .
Generation and content of semi-structured knowledge in organizations
Semi-structured knowledge in an organization is generated through a series of transformation processes, which are triggered by problematic events. Every step of these processes involves technical and managerial issues. Figure 3 illustrates the generation process of semi-structured knowledge. More details are as follows:
f A dashed line represents the source of data, which indicates a problematic ''event''. Here, the needs of data or processing information from organizations are triggered by the problematic event occurring in a working process or organization. In other words, the problematic event is de ned as the source to generate semi-structured knowledge.
f The blocks represent the entities in the process. There are assessment of requirements, classi cation of events, subject identi cation, experts' involvement, and group discussions. The contents in parentheses represent generated information or knowledge from each step.
f The oval blocks represent data storage systems or knowledge repository.
f Three different types of arrows are used in the diagram. Those with solid lines illustrate the direction of the process; with long dashed lines point out the needs of semi-structured knowledge documents; and with dotted dash lines show paths to construct semi-structured knowledge. As shown above, semi-structured knowledge includes general information, solution approach information, and feedback knowledge.
Five detailed models that serve as building blocks in the generation process are formulated explicitly. There are event classi cation, subject, knowledge processing, knowledge transformation, and semi-structured knowledge models. Each function in the detailed model can be perceived as a mechanism, which is able to transform input variables to output. Model 1: Event classi cation model
where: f E = event transformation function; o = business organization; p = business process; E = problematic event
(1) Function: formula (1) corresponds to the relationship between a business process and a problematic event.
(2) Parameter: problematic event E -semi-structured knowledge is derived from original problematic events. Therefore, the purpose of event classi cation is to support the distinction of semi-structured knowledge.
(3) Contents: general information (I G ) is described as fundamental information corresponding to a problematic event, for example, a description, observer, location and time etc. General information is not the most important information, but it is necessary. Knowledge users are assumed to be able to capture the whole framework of semi-structured knowledge if general information is given appropriately. At this stage, generated information mainly focuses on business structures and processes corresponding to the problematic events.
Model 2: Subject model
where: f s = subject transformation function; S = subject of problematic event; 1 = entity of subject (what); 2 = place of subject (where); 3 = people of subject (who); 4 = timing of subject (when); 5 = motivations and reasons of subject (why); h 1 = process of subject (how).
(1) Function: formula (2) corresponds to the relationship between a subject and a problematic event, which is correlated to 5W1H.
(2) Parameter: (a) Subject, S: the subject should be clear, concise and able to represent the characteristics of semi-structured knowledge. Furthermore, the structure of the subject should be dynamic; i. (3) Contents: solution approach information (I S ): the solution approach information includes important interaction messages and results by applying the approach, but not the details of processes. The purpose of this information is to allow users to conveniently and clearly understand messages of interaction among, users, the knowledge and the environment while solution approaches are applied.
Model 3: Knowledge processing model
where: f p = knowledge process function; K P = knowledge coming from the expert; E = problematic event; S = subject; P = expert.
(1) Function: formula (3) corresponds to the knowledge resulted from an expert or analyzer using a particular solution approach, e.g. the Apriori association rules (Agrawal and Srikant, 1994) .
(2) Parameter: (a) The knowledge is derived from experts, K P : this knowledge is more focused on subject-oriented expertise; i.e. the knowledge is generated based on a subject S and corresponds to a problematic event. (b) Problematic event, E (refer Model 1). (c) Subject, S (refer Model 2). (d) Expert, P: the de nition of expert is con ned to a domain expert for the particular subject.
(3) Contents: the knowledge is a combination of the domain expert's expertise and the results produced based on this subject.
Model 4: Knowledge transform model
where: f t = knowledge transformation function; K t = feedback knowledge; K P = knowledge derived from experts; P 0 = people in general (not only expert); C i = the i t h content category.
(1) Function: formula (4) corresponds to the feedback knowledge produced through domain expert and administrators, using their knowledge and experience.
(2) Parameter: (a) Feedback knowledge, K t : is the feedback of a group of members to these information and knowledge. (b) The knowledge is derived from experts, K P (refer Model 3). (c) The people, P 0 : here, people include both experts and non-experts. (d) Content category, C i : contents are based on experts' insights, which are extracted from the solution approach information. Contents should incorporate other different categories, for instance, fact, reason, suggestion, etc.
(3) Contents: feedback knowledge shows different professional knowledge from different standpoints and opinions about the truth from each member.
Model 5: Semi-structured knowledge model
where: K = semi-structured knowledge; I G = general information; I S = solution approach information; K P = knowledge derived from experts; K t = feedback knowledge.
Formula (5) corresponds to the nal semi-structured knowledge, which incorporates general information, solution approach information, the knowledge coming from experts and feedback knowledge.
Transformation of semi-structured knowledge with XML
Different types of information in the generation process are derived from different subjects and solution approaches. For example, an association rule approach may be used to generate solution approach information, whereas a classi cation approach may be used to form | captured information. Therefore, it is critical to design the structure of knowledge to achieve knowledge externalization and a standard storage system providing a place for the semistructured knowledge to reside. Moreover, XML shares many features of semi-structured data and semi-structured knowledge. For example: its structure can be irregular, is not always known in advance, and may change frequently and without any notice. Therefore, this article delineates the semi-structured knowledge using XML because XML-based SSK documents are easy to store and manage. Figure 4 illustrates an XML-based documentation of contents for the semi-structured knowledge, which constructed by the Zachman Framework.
To be able to support and transform semi-structured knowledge, XML is implemented to de ne standard documents for externalization, including three different categories: general information, solution approach information, and feedback knowledge. The association rule of data mining is illustrated as an example below.
General information (I G ) -includes common and fundamental information. To help users clearly understand the overall framework of semi-structured knowledge, ''documents'' correspond to the objective in this format (see Figure 5 ).
Problematic event:
According to formula (1) above, problems pertain to which event is clari ed and the types of organizational structure and processes in need to solve the problem are speci ed. For Figure 4 An example of XML-based documentation representing semi-structured knowledge example, the department is indicated by ''place'' while the desired persons is stipulated by ''who''. Here, identi cation of the problematic types of organization structure and process is similar to business process reengineering. (2) feedback from a group of members regarding this information and knowledge. The same fact, through different explanation of different members, may have different implications. Thus, the value of knowledge is increased spirally through communication and sharing in an organization. Through (1) different expert knowledge from group members, (2) different standpoints and opinions on the fact, and (3) the function of grouping feedback, the knowledge not only expresses various personal professional opinions but also the understanding of each member. It can help to avoid the trap of self-consciousness, and to increase the quality and accuracy of decision-making.
The format of XML illustrating the association rule analysis is shown in Figure 7 .
Knowledge:
There are two types of knowledge -experts' explanation of the results of solution approach information, and the feedback from group members regarding this information and knowledge, corresponding to formula (3) and formula (4) above. 
(1) New policy about holidays (2) Special celebration </Knowledge_Why> <Suggest> Company should improve routing schedule for special celebration. </Suggest> </Knowledge> </Feedback_Knowledge>
In this article, the generation process of semi-structured knowledge represented through the Zachman Framework clari es the processes and activities of knowledge management in organizations. This semi-structured knowledge presented as XML documents is helpful in packing, storing, management, and sharing of knowledge in organizations.
The search of semi-structured knowledge in organizations
Because the contents of these semi-structured knowledge documents are variable and irregular, it is dif cult to search and share. Latent semantic indexing is a useful and automatic way to help search relevant semi-structured knowledge documents according to the sentences or articles, which users query. Furthermore, latent semantic indexing (LSI) is also able to solve problems of synonyms and polysemy, and promote accuracy in searching for solutions documents (Letsche, 1996; Deerwester et al., 1990) . Therefore, in this article LSI is used to discover desired XML documents for the persons who need them.
Using LSI for semi-structured knowledge documents
The latent semantic indexing information retrieval model builds upon prior research in information retrieval, and uses the singular value decomposition (SVD) to reduce the dimensions of the term-document space to solve the synonomy and polysemy problems that plague automatic information retrieval systems (Letsche, 1996) . By reducing the dimensionality of the term-document space, the underlying, semantic relationships between documents are revealed, and much of the ''noise'' (differences in word usage, terms that do not help distinguish documents, etc.) are eliminated.
There are three main steps in using LSI to identify relevant semi-structured knowledge document in organizations (Letsche, 1996; Story, 1996; Chen, 1999) :
Step 1 -Pre-processing: some markups are removed, and all hand-indexed entries are removed from collections. Upper case characters are translated into low case, punctuation is removed, and white spaces are used to delimit terms, and so on.
f
Step 2 -Singular value decomposition (SVD): in the LSI model, terms and documents are represented by an m n incidence matrix, A. Once the m n matrix A has been created, a rank-k approximation (k min (m, n)) to A, A k , is computed using an orthogonal decomposition known as the singular value decomposition (SVD). With regard to LSI, A k is the closest k-dimensional approximation to the original term-document space represented by the incidence matrix A.
Step 3 -Query formulation: in the LSI model, queries are formed into ''pseudodocuments'' that specify the location of the query in the reduced term-document space. Once the query is projected into the term-document space, similarity measures, e.g. the cosine similarity measure, can be applied to compare the position of the pseudo-document to the positions of the terms or documents in the reduced term-document space. Once the similarities between the pseudo-document and all the terms and documents in the space have been computed, the terms or documents are ranked according to the results of the similarity measure; and the highest-ranking terms or documents, or all the terms and documents exceeding some threshold value, are returned to the user.
Illustrative example
This example to illustrate the three main steps in transportation industry assumes:
(1) a new problematic event that ''utilization of ight seats is decreasing'' has been discovered;
(2) to make the example compact, only six semi-structured knowledge documents in collections. Abstracts of the six semi-structured knowledge documents are shown in Table II ; and (3) as the rst step, pre-processing is completed though intelligent agents (Huang, 2001) , and the terms and the keywords are taken from the abstract of the documents.
The SSK searching system determines which semi-structured knowledge document in collections is most likely to contain the potential knowledge conceptualized by a set of keywords to support the manager in solving the problem. After pre-processing, a termdocument matrix, whose entries indicate occurrence of terms among the documents, is formed. The term-document matrix, matrix A, resulting from the selected terms and documents, is shown in Table III . Each entry in the matrix indicates that a particular term occurs in a given document.
Next, matrix A is decomposed by using the singular value decomposition (SVD). SVD produces matrices U, S, and V, such that A = U S V. Matrix A is the term-document matrix shown in Table III ; its rank is 6, so only six dimensions are needed to represent it. The matrices are as follow: U (19 19) and V (6 6) are unitary matrices and S ( 19 6) is a diagonal matrix of singular value. Then the six-dimensional space is projected onto two dimensional subspaces by selecting the rows and columns of U, S, and V corresponding to the largest two singular values. The resulting two-dimensional matrices are: Terms of ''passengers carried'' and ''decrease'' are 2nd and 4th terms in the index, and no other terms are selected. Let q be the query vector. Then the document space vector corresponding to q is given by: To nd the best document match, the Dq vector is compared against all the document vectors in the two-dimensional V2 space. The document vector that is nearest in direction to Dq is the best match. The cosine of the angle between the query vector and the document vector is a convenient measure of goodness-of-t. The best t for product query vectors is indicated by the rst document, which is Doc1. The third document, Doc3, is also indicated as a good solution.
Conclusion
Knowledge should be seen from different viewpoints and be used diversely. Through the Zachman Framework and XML, organizational knowledge could be externalized systematically as semi-structured knowledge documents, and stored and managed effectively. Due to the structure of semi-structured knowledge documents and the low accuracy of searching results, the latent semantic indexing (LSI) can quickly and correctly search relevant semi-structured knowledge documents to support knowledge management activities.
The main contributions of this article are that:
(1) The novel concept of semi-structured knowledge (SSK), has its generation represented by the Zachman's Framework for clari cation of the processes and activities in organizational knowledge management.
(2) The semi-structured knowledge delineated as XML documents is helpful in packing, storing, management, and sharing of SSK in organizations.
(3) The LSI model and an easy search system are developed to diffuse relevant knowledge to the person who needs it. Through the LSI tools, relevant semi-structured knowledge documents can be identi ed to support daily duties or make decisions for knowledge workers.
The SSK approach shows great promise for organizations to acquire, store, disseminate, and reuse knowledge.
